Ts 


F-ATIONAL BUREAU OF STANDARDS June 1966 


“Technical 
ews 
Bulletin 


U.S. DEPARTMENT OF COMMERCE 














NATIONAL BUREAU OF STANDARDS 


“Technical = 
Niews 
E LU let ) a 


JUNE 1966/VOL. 50, NO. 6/ISSUED MONTHLY NATIONAL BUREAU OF STANDARDS 
A. V. Astin, Director 








Prepared by the NBS Office of Tech- 


CONTENTS nical Information and Publications 
W. R. Tilley, Chief 
89 Precise determination of millivolt a-c ratios Technical Editor 
91 Rapid analysis of noble metal alloys ¥., Gontier 
92 Standard reference materials Manning She 
R. W. Seward 
Materials of certified purity ee nck ee 
’ Contributing Editors 
New and reissued standards RT. Cook, D.K. Coyle, J.R. Craddock, 
New glass standards P.R. Miller, M.J. Orloski, S.£. Redmon, 
Metal standards * it 
: ; Fae The National Bureau of Standards 
93 Slst national conference on weights and measures seid ans Teeal OME the Foderd 
94 Easily made device calibrates accelerometer Government for assuring maximum 


application of the physical and engi- 


97 NBS chemist receives new international award neering sciences to the advancement 


97 Standards and calibration of technology in industry and com- 
iti i merce. For this purpose, the Bureau is 
Notice of U.S. standard frequency and time organized into three institutes— 
broadcasts * The Institute for Basic Standards 

* : 
Fees reduced at Boulder se cam iahtiokene 
98 NSRDS News The TECHNICAL NEWS BULLETIN is 
published to keep science and indus- 
101 Publications of the National Bureau of Standards try informed regarding the technical 


programs, accomplishments, and ac- 
tivities of all three institutes. 


For sale by the Superintendent of 


COVER Documents, U. S. Government Printing 
Office, Washington, D. C., 20402. Sub- 
These 3 new glass scription price: Domestic, $1.50 a year; 


standards have been 
calibrated for softening, 
annealing and strain points. 


75 cents additional for foreign mailing; 
single copy, 15 cents. Use of funds for 


They provide common refer- printing this publication approved by 
ence sources for glass of the Director of the Bureau of the Budget 
similar composition, thus (June 19, 1961). 

promoting uniformity of 

measurement in the glass Library of Congress Catalog Card 





industry. See page 92. Number: 25-26527 





; 
kn 
Cisé 
are 
mil 
J. 1 
for 
voli 
im} 
(at 
stal 
ena 
hal! 
tage 
the 
ure: 
Nat 

7 
inp 
whi 


time 






ions 


jock, 
mon, 


dards 
deral 
imum 
engi- 
ment 
com- 
eau is 
fes— 
dards 
search 
ology 
TIN is 
indus- 
hnical 
nd ac- 


ant of 
rinting 
. Sub- 
a year; 
vailing; 
nds for 
ved by 
Budget 


g Card 


PREGISE 


DETERMINATION 





NBS investigators who need to 
know ratios of small a-c voltages pre- 
cisely in calibrating vibration pickups 
are using a new device for comparing 
millivolt potentials. Designed by 
J. R. Houghton of the NBS Institute 
for Basic Standards, the new milli- 
volt a-c comparator not only offers 
improved accuracy, better sensitivity 
(at least 1 part in 10*), and greater 
stability than previous equipment, but 
enables calibrations to be made in 
half the former time.’ These advan- 
tages are of special value because of 
the increasing use of vibration meas- 
urements in industry and in the 
Nation’s space program. 

The comparator processes the two 
input signals in similar channels, 
which drive thermal converters. The 


J. R. Houghton adjusts the voltage 
divider of an a-c voltage comparator 
with which he can perform vibration 

pickup calibrations in half the previous 
time. The comparator operates with signals 
from the pickup on the shaker in 

the background. These signals are 

as small as 5 mV and differ by 

factors as great as 20. 
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ratio between the voltages is found 
by dividing the larger input until a 
galvanometer indicates that the out- 
put voltages of both channels are 
equal. This root-mean-square con- 
version permits not only comparison 
of two a-c voltages but also calibra- 
tion of an a-c source against a d-c 
standard with its inherently greater 
accuracy. 

Accurate measurement and calibra- 
tion of voltages have presented more 
of a problem for a-c than for d-c volt- 
ages because available d-c references 
offer accuracy and stability challeng- 
ing the measurement art, while no 
comparable voltage 
exist. A-c voltage comparisons suf- 
fer also from the sensitivity of com- 
parators to phase difference between 


a-c standards 



















the input signals and the comparator’s 
requirement of stronger signals than 
those generated by many vibration 
transducers. 

The best references now available 
for a-c voltages make use of thermal 


conversion.” Such references permit 
comparisons having the accuracy, pre- 
ision, ease of use, and availability 
of d-c techniques; they also eliminate 
errors due to phase differences. The 
present comparator uses thermal con- 
version to calibrate a stable a-c gener- 
ator against d-c standards, and then 
to make measurements and calibra- 
tions of other a-c signals, using the 
generator as a standard. 


Q 


Design of Millivolt Comparator 


The NBS engineers designing the 
comparator for use in calibrating ac- 
celerometers established that it must 
permit direct comparison of two sig- 
nals as low as 5 mV and having ratios 
as great as 20:1. The comparison 
must be unaffected by phase differ- 
ences between the signals and must 
yield accuracies within +0.1 percent 
for signals from either piezoelec- 
tric or velocity-coil type vibration 
transducers. 

The thermal converter approach 
used in the NBS comparator involves 
a circuit consisting of two channels, 
in each of which the signal passes 
through a cathode follower and a 
voltage amplifier to the thermal con- 
verters. The channels are identical 


continued 
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SWITCH POSITIONS 


R: RATIO MEASUREMENT 
C: CHANNEL COMPARISON 


The millivolt a-c comparator designed at the Bureau consists of two channels 
which are identical except for a voltage divider in channel A, which processes the 


higher voltage. 


The device uses thermal converters to compare and calibrate 


a-c voltages against accurately known d-c voltage references. 


A-C RATIOS continued 


except that channel A contains a volt- 
age divider and switches enabling the 
divider to be bypassed simultaneously 
with the application of input B to both 
channels. This allows the gain of the 
two channels to be equalized at any 
time. The ratio of the two input sig- 
nals is the divider ratio that produces 
equal output from the thermal con- 
verters. 

The cathode followers present high 
input impedances to minimize errors 
due to loading of the input sources. 
They are commercially available 
vacuum-tube units having high gain- 
linearity, important because of the 
20:1 ratio possible between the chan- 
nel A and channel B inputs. The 
cathode follower is removed from the 
circuit for a d-c signal and when load- 
ing errors are insignificant. 

The voltage divider following chan- 
nel A’s cathode follower has a ratio 
accuracy within +0.001 percent at 
unity. This is slightly reduced at 
lower ratios. Other dividers can be 
selected, from the inductive and re- 
sistive dividers available commer- 
cially, on the basis of compatibility 
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with the signals. 

The voltage amplifiers for each 
channel are commercial units pro- 
viding high input impedance and suf- 
ficient output to operate the thermal 
converters. They contain gain con- 
trols, by means of which the output 
currents of the two amplifiers are 
equalized for the same input. 

Each voltage amplifier drives two 
series-connected thermal converters, 
the junctions of which are also con- 
nected in additive series. The con- 
verters chosen are rated for a heater 
current of 80 mA, but are conserva- 
tively used in this application at a 
maximum of 50 mA. 

The converter outputs of the two 
channels are connected in series op- 
position with an electronic galva- 
nometer which indicates zero (mid- 
scale) for equal converter inputs, as 
when the channel A signal has been 
divided to equal the channel B signal. 

The four converters of the com- 
parator are enclosed in a copper box 
and are surrounded by insulating 
material, since temperatures of the 
thermal junctions are critical. They 
produce a rectified rms representation 
of a-c signals down to 5 Hz, below 





which the output begins to follow t ie 
input waveform. This is below te 
intended frequencies of use. 


Use of the Comparator 


The millivolt a-c comparator is now 
being used to make measurements for 
calibrating vibration pickups, replac- 
ing the transfer admittance method.* 
Data from these calibrations show that 
the comparator has significant advan- 
tages over the transfer admittance 
method of transducer calibration, not 
the least of which is the ability to com- 
pare two signals simultaneously, re- 
ducing calibration time by more than 
half. 

Sensitivity was extended by the 
comparator beyond that possible with 
the transfer admittance method and 
is about 1 part in 10* for ratios near 
unity. Scatter was reduced in sample 
measurements made by the compara- 
tor; their repeatability of 0.02 to 0.07 
percent contrasts with 0.08 to 0.7 per- 
cent for the transfer admittance 
method. 

The millivolt comparator is also 
being used in swept frequency testing 
at the Institute to record voltage ratios 
between the pickups and the stand- 
ards. This test is useful in weeding 
out unsuitable transfer standards be- 
fore time is wasted in calibrating 
them. 

The comparator may be used also, 
in laboratories making fundamental 
measurements, for determining the 
true root-mean-square voltage of un- 
known a-c signals. Accuracies within 
0.1 percent can be obtained by this 
technique, making it useful for check-| 
ing the performance of conventional 
alternating voltage-measuring instru- 
ments. 

1Voltage Ratio Detector for Millivolt Signals, 
by J. R. Houghton, NBS Tech. Note 266 (Dec. 
13, 1965), available for 15c from the Superin-} 
tendent of Documents, U.S. Government Printing 
Office, Washington, D.C., 20402. 

2A-c voltage calibrations, NBS Tech. News 
Bull. 47, 132-136 (August 1963), and A system 
for direct and alternating voltage measurements, 
by F. L. Hermach, J. E. Griffin, and E. S. Wil- 
liams, IEEE Trans. Instr. and Meas. IM-14, 
215-224 (Dec. 1965). 

3 Calibration of vibration pickups by ‘ne reci- 
procity method, by Samuel Levy and Raymond R. 


Bouche, Research Paper 2714, J. Res. NBS 57, 
227-243 (Oct. 1956). 
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RAPID ANALYSIS 
OF NOBLE 
METAL ALLOYS 


A recent investigation at the NBS Institute for Mate- 
rials Research reveals that x-ray emission spectrometry 
provides a rapid means for analyzing noble metal alloys.’ 
The technique, a refinement of one developed earlier at 
NBS, is ten times faster than traditional methods of analy- 
sis and gives just as accurate results. J. D. Eick, NBS 
research associate of the American Dental Association, 
conducted the study with coworkers in the NBS spectro- 
chemical analysis laboratory. 

At present, the x-ray emission technique is greatly ac- 
celerating NBS work on specifications for dental alloys 
and dental gold wires. It is also proving of value to in- 
dustry since it simplifies the quality control of noble 
metal alloys produced for commercial use. 

In x-ray emission spectrometric analysis, the concen- 
trations of the different elements in a specimen are the- 
oretically linear functions of emitted intensities at known 
wavelengths. In practice, however, the intensity emitted 
by a particular element may be partially. absorbed or 
partially enhanced by the other elements present, so that 
a linear relationship cannot be established. 

Preliminary work showed that such was indeed the 
case for gold and silver in dental alloys. Concentration 





discrepancies up to 8 percent for gold and up to 2 percent 
for silver were found when the results obtained by x-ray 
emission analysis were compared with known concentra- 
tions in standard alloys. 

In an effort to overcome this problem, absorption and 
enhancement constants for gold and silver were empiri- 
cally derived from x-ray emission analysis of standard 


specimens. These constants were then fitted by computer 
techniques to a formula recently applied to the x-ray 
emission analysis of brass and bronze alloys.’ By means 
of the formula, gold and silver concentrations could then 
be corrected for both absorption and enhancement. 

A number of specimens of experimental binary alloys 
and of commercial alloys used in dentistry were then 
analyzed by x-ray emission spectrometry. The values 
found for gold concentrations in the specimens, corrected 
by means of the formula, are plotted in the accompanying 
figure. The graph shows excellent agreement with values 
obtained earlier by chemical analysis; deviations do not 
exceed 0.2 percent in concentration. 

In the course of the work, four other elements used in 
dental alloys (platinum, palladium, copper, and zinc) 
were analyzed by the x-ray emission technique. The values 
thus obtained did not require corrections through appli- 
cation of the formula. Concentrations detected by x-ray 
emission were found to agree to within 0.2 percent with 
those derived by chemical analysis. 

‘For further details, see Analysis of gold and platinum group alloys 
by x-ray emission with corrections for interelement effects, by J. D. 
Eick, H. J. Caul, D. L. Smith, and S. D. Rasberry, J. of Applied Spectros- 
copy (in press). 

* X-ray spectrometric analysis of noble meta! dental alloys, by B. W 
Mulligan, H. J. Caul, S. D. Rasberry, and B. F. Scribner, J. Research NBS 
68A (Phys. & Chem.), 5 (1964). 

*A mathematical method for the investigation of inter-element effects 


in x-ray fluorescent analyses, by H. J. Lucas-Tooth and H. J. Price, 
Metallurgia 64, 149 (1961). 


Below, values found for gold concentrations in alloys by x-ray techniques plotted against values found 
by chemical analysis. Right, J. D. Eick, NBS research associate of the American Dental Association, fits a gold alloy 
This NBS- 


specimen to apparatus for the x-ray emission spectrometric analysis of noble metal alloys. 


developed technique is ten times faster than traditional methods and is just as accurate. 
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STAN DARD 
REFERENCE 
MATERIALS 


MATERIALS OF CERTIFIED PURITY 


The NBS Office of Standard Reference Materials is 
expanding its program to include materials of certified 
purity. These new standard materials will be certified 
not only for purity but also for homogeneity of samples 
within a batch. Thus, they will provide a uniform start- 
ing point for the preparation of ultra-pure materials. 

Such standards are needed in the materials field to ease 
one of the most critical problems in this area. The prob- 
lem is that of developing ultra high purity materials in 
sufficient quantity with sufficient control to further re- 
search and development. For this purpose, many materi- 
als of known compositional purity must be made generally 
available. Also, such materials should have reproducible 
characteristics. 

Presently available commercial materials unfortunately 
do not fill these requirements. This is because commer- 
cial materials, while relatively constant in the purity of 
the major constituents, may vary considerably in trace- 
constituent composition. As the new standards will be 
certified for homogeneity, they will not have such 
variations. 

The first standard material to be prepared in this ex- 
panded program is NBS Standard No. 726, intermediate 
purity selenium. This standard has a certified purity of 
99.95+ percent. The individual analytical values for the 
trace constituents in this standard are not certified, but 
their maximum limits are given in the parts per million 
range. This standard may be purchased from the NBS 
Office of Standard Reference Materials in 1-pound lots for 
$25.00." 

At present, about half a dozen materials are in various 
stages of preparation for inclusion into the program and 
should be certified in the near future. The materials now 
planned for certification besides selenium are sulfur, phos- 
phorus, tellurium, manganese, zinc, and rubidium chloride. 
As soon as these standards are available, they will be 
announced in this column. All these standards will be 
purer than the presently available reagent grade materials 
by a factor of about 10. They will be about 99.99 percent 
pure, but they will not approach the ultra purity available 
in single crystals, or specially zone-refined materials. 

The certificate accompanying each standard will, be- 
sides certifying purity and homogeneity, include charac- 


92 





terization information such as emission spectrographic 
data and other analytical results where pertinent. As in 
the selenium certificate, maximum limits for the trace con- 
stitutents will be given when their individual analytical 
values are not included. 

The Bureau would appreciate comments from persons 
in the materials field regarding their need for these stand- 
ards. It will also welcome suggestions for materials that 
should be certified for purity. These comments should 
be addressed to Mr. John Hague, Inorganic Standards 
Coordinator, Office of Standard Reference Materials, Na- 
tional Bureau of Standards, Washington, D.C., 20234. 


NEW AND REISSUED STANDARDS 


About a dozen new standard materials have recently 
become available from the NBS Office of Stand- 
ard Reference Materials, and several others have been 
reissued. 


New Glass Standards 


New glass standards, NBS Nos. 712, 713, and 714, 
have been calibrated for softening, annealing, and strain 
points at NBS by A. Napolitano and E. G. Hawkins, as 
well as at two other laboratories.* ASTM test methods 
C338-57 and C336-64T, were used for these measure- 
ments. These glasses represent commercial-type glasses 
and, with the glass standards previously issued * (NBS 
Nos. 710 and 711), cover a wide range of chemical 
compositions. 

To characterize glasses of different compositions, the 
softening, annealing, and strain points are determined as 
well as other physical properties such as thermal expan- 
sion, density, modulus of elasticity, and refractive index. 
These points are used consistently in the manufacture of 
glass and glass articles, both for quality control purposes 
and for outlining annealing schedules. They are a meas- 
ure of viscosity in a temperature range where glasses are 
fused to each other and to metals to form articles for im- 
portant commercial and scientific use. Thus, the values 
of these points often must be known within +1 °C or less. 
Such accuracy is difficult to maintain unless standard 
glasses are available. 

These standards, therefore, serve a two-fold purpose. 
First, they provide common reference sources for glass of 
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» same chemical composition, promoting uniformity of 

asurement in the glass industry ; and secondly, they may 

used to check or calibrate furnaces defined by ASTM 

cifications for these measurements. The calibration 
of such furnaces changes with usage and should be checked 
occasionally with standard glasses. 

[he new glass standards are issued in 225 g lots and cost 
$25 each. NBS No. 712 is a mixed alkali silicate glass 
issued in 6 pieces or “patties” approximately 7.5 x 2.8 x 
0.8cm (3x 1x %¢in.). NBS No. 713 is a dense barium 
crown 620/603 glass issued in 4 pieces or “gobs” 3.5 cm 
in diameter and 1.8 cm thick (13g x 34 in.). NBS No. 
714 is an alkaline earth alumina silicate glass issued in 16 
pieces or “canes” 15 cm long and 0.6 cm in diameter 
(Ox Vy it.) 


Metal Standards 


Three more standard high-temperature alloys have been 
prepared. These standards, NBS No. 1193 (W545), 
NBS No. 1194 (A286) and NBS No. 1195 (Discalloy), 
are in solid form and cost $35 each. They are designed 
primarily for calibrating equipment used to analyze high- 
temperature alloy A286 (26 percent nickel—15 percent 
chromium). When used as a set, these standards will 
provide analytical curves that should be useful in spectro- 
metric analyses, particularly x-ray analyses, of alloys ap- 
proximating type A286. In addition, another new stand- 
ard of the A286 alloy has been issued. This standard, 
NBS No. 348, is in chip form and costs $15 for a 150-g 
sample. It is designed for use in chemical analyses of 
A286 type alloys. 

NBS Standard Nos. 1174 and 1175, have been issued 
to replace earlier white cast iron standards. Although the 
iron content is essentially constant in the new standards, 
the other elements vary. The concentration of one group 
of elements is high in 1174 and low in 1175, while the 


concentration of the other group is low in 1174 and high 
in 1175. These standards, which cost $35 a piece, replace 
NBS Nos. 1176, 1178, and 1181 which are out-of-stock, 
and will replace NBS Nos. 1177, 1179, 1180, 1182, and 
1183 when the present supplies become exhausted. Prep- 
aration is to begin this spring on 3 new ductile cast iron 
standards and 2 or 3 blast furnace iron standards, which 
will extend and supplement NBS Nos. 1174 and 1175. 

Other metal standards which have recently been made 
available in chip form are: NBS No. 339 which is a stand- 
ard steel (17 percent chromium-9 percent nickel-0.2 per- 
cent selenium) SAE 303Se, and NBS No. 346 which is a 
valve steel (22 percent chromium-4 percent nickel-9 per- 
cent manganese). These standards primarily are for use 
in checking chemical methods of analysis for production 
control and consumer acceptance. Both standards are 
issued in 150-g lots and cost $20 each. 


Changes in Available Metal Standards 


Four steels in chip form have been prepared to replace 
out-of-stock standards. Basic open hearth steel with 0.2 
percent carbon, NBS No. 13g, replaces No. 13f, and costs 
$12. Basic open hearth steel with 0.8 percent carbon, 
NBS No. 14e, replaces No. 14d, and costs $12. Basic 
open hearth steel with 0.1 percent carbon, NBS No. 15g, 
replaces No. 15f and costs $12. Low carbon steel with 


silicon, NBS No. 131a, replaces No. 131 and costs $12. 


1 For a complete list of NBS standards, see Standard Reference Mate- 
rials: Catalog and Price List of Standard Materials Issued by the National 
Bureau of Standards, NBS Misc. Publ. 260, available from the Superin- 
tendent of Documents, U.S. Government Printing Office, Washington, D.C., 
20402, for 45 cents. 

*These glasses were donated to NBS by the Corning Glass Works, 
Corning, N.Y. 

3 Participating Laboratories: Corning Glass Works (H. E. Hagy), Corning, 
N.Y., Owens Illinois (R. R. Kegg), Toledo, Ohio. 

*Viscosity standard sample of glass, NBS Tech. News Bull. 46, 175 
(1962); New glass viscosity standard, NBS Tech. News Bull. 49, 43 
(1965). 





Jist NATIONAL CONFERENCE ON WEIGHTS AND MEASURES 


The 51st National Conference on Weights and Measures, 
will convene on July 11, 1966, in Denver, Colo. This will 
be the first time that the Conference has met anywhere 
other than Washington, D.C., since its founding 60 years 
ago. 

The 5-day Conference usually is attended by anywhere 
from 500 to a thousand delegates—State and local weights 
and measures officials, Federal officials, and industry rep- 
resentatives. Among those expected at the Denver meet- 
ing are Governor John A. Love of Colorado; Dr. A. V. 
Astin, NBS Director; and John P. Eberhard, Deputy Di- 
rector of the NBS Institute for Applied Technology. They 
will address the opening general session in the morning of 
July 12. 


A feature of this year’s Conference will be a session on 
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in-motion weighing systems, arranged in cooperation with 
the Instrument Society of America. The seminar will 
be the first cooperative venture of ISA and the National 
Conference. 

The National Conference on Weights and Measures is 
the meeting ground for all levels of government concerned 
with weights and measures administration, industries asso- 
ciated with weighing and measuring equipment and pack- 
aging, and industries that offer their products for 
sale in weighed and measured quantities. The Confer- 
ence considers both weights and measures laws and regu- 
lations and the technology of weighing and measuring. 
The National Conference on Weights and Measures was 


founded by, and is sponsored by the National Bureau of 
Standards. 
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potentiometer for a null indication 
on the galvanometer (left) to determine 


accelerometer on the calibrating 


right tilted by a precisely known 

amount. 

accelerometer between +1 g and —1 g 

can be determined accurately from pairs 

of the output and tilt values. 

er cs such an accelerometer-positioning 





Earth’s Field 
Used as a Standard 


The Bureau has been using a device made from gener- 
ally available machine shop items in static calibrations of 
accelerometers for values between +1 g and —1g. As 
assembled by Paul S. Lederer and John S. Hilten of the 
NBS Institute for Applied Technology, the device can be 
easily duplicated by any user of accelerometers to obtain 
calibration accuracies estimated to be within 0.004 g-unit. 
Since this device uses the earth’s gravitational field 
as a reference, it provides excellent reliability without 
requiring the user to rely on NBS calibration services.’ 

The growth of engineering capability during the last 
decade, particularly in the aerospace field, has greatly 
increased the accuracy and range required of transducers 
of acceleration. With the large volume of such instru- 
ments to be calibrated, NBS has placed increased empha- 
sis on the development of procedures by means of which 
instrument users can perform their own calibrations. The 
earth’s gravitational field has sometimes been used in the 
past as a standard for static calibrations of accelerometers; 
it may become more common in the future now that a 
convenient procedure is available. 
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perform its own calibrations 


John S. Hilten adjusts a 


the output voltage of the 
platform (rear, enlarged at 


The response of the 


With 
device any laboratory can 


within +1 g to accuracies 
within 0.0004 g-unit. 
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The Tilting-Support Method 


Accelerometer calibrations are performed by one of two 
methods: the centrifuge method (applicable to all instru- 
ment ranges, but requiring massive and specialized equip- 
ment) and the “tilting support,” or static, method. For 
calibration by the latter method, the instrument is 
mounted on a device showing orientation in the earth’s 


gravitational field, from which the component of the field | 


producing a measured accelerometer output can be com- 
puted. The calibration procedure is as follows: the accel- 
erometer’s electrical output is measured for 1 g (accele- 
rometer sensitive axis vertical), for sequential positions 
to 0 g (axis horizontal) , for positions to —1 g (axis 180° 
from l-g position), and with continued rotation back 
through 0 gto +1. At each position the accelerometer 
should indicate the component of gravitational accelera- 
tion acting on it, precisely g times the cosine of the angle 
between the vertical and the sensitive axis of the acceler- 
ometer. Present machine-shop technology permits this 


angle to be set with great accuracy. Instruments to cali- 
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brate accelerometers with reference to the earth’s gravita- 
tional field can be bought readymade, or assembled as was 
done at the Institute. 

The calibrator used at the Institute consists essentially 
of a machine-shop dividing head, modified by the addition 
of a bracket for holding the transducer and resting on a 
machine shop surface plate. A precision worm gear 
inside the head rotates the face plate and bracket once for 
40 turns of the crank, or 9° for every 360° of crank rota- 
tion. The crank can be indexed in incremental positions 
offered by six circles of equally spaced holes into which 
the crank’s indexing pin can lock. The band having 
18 holes, used in this application, yielded rotational incre- 
ments of 0.5°. This gave a sufficient number of calibra- 
tion points for the +1-g range; other available indexing 
plates offer angular increments as small as 5.45’. 


Use of the Calibrator 


The calibrator is prepared for use by leveling first the 
surface plate, using a machinist’s precision spirit level, 
and then the bracket on which the transducer is to be 
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mounted. When the bracket is horizontal, the indexing 
plate is rotated until the crank pin drops into an indexing 
hole; the plate is then locked in this reference position for 
all measurements. 

Before using the calibrator the scientists verified that 
the bracket’s inclination toward the face plate was con- 
stant and negligible. (The bracket of the device assem- 
bled at the Institute slanted 4’ toward the plate, correction 
for which is so minor that it was disregarded.) Error 
contributed by the dividing head was conservatively taken 
to be within +1.3’, resulting in essentially zero error in 
appraisal of applied acceleration at the l-g position. The 
overall error of the calibrator, including errors due to 
inclinations, is less than 0.001 percent (cos 4’) at 1 g and 
not over +0.0004 g at the 90° positions. 

The calibrator could be used to determine the orienta- 
tion of an accelerometer’s sensitive axis, which is of inter- 
est in evaluating an accelerometer but not necessary in 
calibrating it. The sensitive axis of an accelerometer is 
assumed to be normal to its mounting base or, for some 
instruments, parallel to the mounting surface. Its actual 
continued 
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DEVIATIONS FROM BEST FIT 
STRAIGHT LINE IN g UNITS 
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Calibration of a sample accelerometer yielded an egg-shaped 
plot of measurement deviation from linearity for values of 
applied acceleration. The form suggests “negative hysteresis,” 
but NBS scientists attribute it to misalinement of the 
accelerometer sensitive axis. 
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Upper graph shows accelerometer electrical output plotted 
against applied acceleration and the linear representation of the 
data points that was obtained by the least squares method. 

The lower plot shows, on an expanded scale, deviations of the 
plotted points from the linear representation. Errors 

from all sources are within +0.00035 g-units. 





ACCELEROMETER continued 


position is not precisely known and the calibration is pei 
formed with reference to the plane of the mounting bas¢ 
Correction for nonparallelism is included in the gros: 
correction provided by the calibration. 


Sample Calibrations 


The earth’s field static calibration device was tested at 
the Institute on several types of accelerometers, some types 
of error being eliminated by observing details of good 
laboratory practice. The dividing head used was cali- 
brated at the Bureau before use, the three feet of the sur- 
face plate rested on adjustable supports, and these in turn 
rested on a 4-inch-thick sheet of brass on a sturdy work- 
bench. The bench was located in a shielded room on a 
concrete first floor. 

Calibration points obtained from a linear, transistorized 
servo accelerometer at 9° intervals using these precau- 
tions were analyzed by comparison with a straight line 
obtained as the least-squares representation of the points. 
No points were found to deviate from the line by more 
than 0.00035 g (considerably better than the +0.0005 g 
estimated limit of error including electrical errors). 
Thus the combined hysteresis and nonlinearity of the 
accelerometer are less than +0.018 percent of the 2-g 
range. 

Use of the procedure to calibrate one unbonded strain 
gage accelerometer at the Institute disclosed an interest- 
ing phenomenon. The accelerometer was acceptable; its 
nonlinearity and hysteresis were less than +0.2 percent 
of full scale. The plot of deviations of its indications 
(from best-fit straight line values) against g-values took 
the form of an ellipse. This curve had the appearance of 
“negative hysteresis,” deviation being negative for the 
series of points from +1 g to —1 g and positive for the 
return sequence. That this pattern was due to misaline- 
ment of the instrument’s sensitive axis was demonstrated 
by the fact that the hysteresis-like lag was in the conven- 
tional direction for measurements made in _ reversed 
sequence. Effects due to misalinement are maximal in 
the 0-g area and minimal at +1 and —1 g. 

In order to establish the exact location of the sensitive 
axis of the instrument, an additional calibration is re- 
quired with the instrument rotated 90° about its nominal 
sensitive axis. 

Calibration of other types of accelerometers by this 
procedure has demonstrated its accuracy and _ repeat- 
ability—generally better than those of the instruments 
calibrated. This recommends its use for investigating ac- 
celerometer characteristics over fractions of the +1-g 
range as well as over the full +1-g range of the device. 

‘Earth’s Field Static Calibrator for Accelerometers, by P. S. Lederer 
and J. S. Hilten, NBS Tech. Note 269 (Feb. 1966), available from the 


Superintendent of Documents, U.S. Government Printing Office, Washing- 
ton, D.C., 20402, for 20 cents. 
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NBS CHEMIST 
RECEIVES 


NEW INTERNATIONAL 


AWARD 


Dr. Dolphus E. Milligan, a chemist at the National 
Bureau of Standards, has received the first Professor 
Arturo Miolati Prize for outstanding scientific achieve- 
ment. Italian Ambassador Sergio Fenoaltea presented 
the award, which consists of one million lire (equivalent 
to $1,600) to Dr. Milligan at the Italian Embassy, Wash- 
ington, D.C., March 24. 

The ceremony was attended by Dr. J. Herbert Hollomon, 
\ssistant Secretary of Commerce for Science and Tech- 
nology; Dr. Allen V. Astin, Director of the National Bu- 
reau of Standards; and Dr. Ralph Klein, who is in charge 
of surface chemistry research at the Bureau. Dr. Milli- 
gan’s wife, his two sons, and his coworker, Dr. Marilyn 
E. Jacox, also were present. 

Dr. Milligan was selected to receive the Miolati Prize 
by an international committee appointed by the science 
faculty of the University of Padua. The award is a me- 
morial to the late Professor Arturo Miolati, who taught 
chemistry at the University. The Prize is to be given to 
young scientists who make outstanding contributions in 
areas of chemistry of interest to the late Professor. 
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NOTICE OF U.S. STANDARD 
FREQUENCY AND TIME BROADCASTS 


In accordance with the Bureau’s policy of giving monthly 
notices regarding changes of phases in seconds pulses, 
notice is hereby given that there was no change in the 
phase of seconds pulses emitted from radio station WW VB, 
Fort Collins, Colo., on 1 May 1966. 

Notice is also hereby given that there was no change 
in the phase of time pulses emitted from radio station 
WWY, Greenbelt, Md.. and WWVH, Maui, Hawaii, 
| May 1966. These pulses at present occur at intervals 
which are longer than one second by 300 parts in 10"°. 
This is due to the offset maintained in frequency, as co- 


on 


June 1966 






Dr. Dolphus E. Milligan receives the first Professor Arturo 
Miolati Prize, for outstanding scientific achievement, from 
Italian Ambassador Sergio Fenoaltea (right). Attending the 
presentation are (from left) Mrs. Sergio Fenoaltea, Dr. Milligan’s 
two sons Charles (hidden) and Stephen, Mrs. Milligan, and 

Dr. Marilyn E. Jacox. 


The choice of Dr. Milligan recognizes his contributions 
to the infrared spectroscopy of free radicals trapped in 
solid matrices at low temperatures. Free radicals are 
molecular fragments produced in many chemical reac- 
tions, such as in combustion. Dr. Milligan’s work is 
significant because he was able to isolate and characterize 
these free radicals, usually extremely short lived and diffi- 
cult to study. 

Dr. Milligan, who joined NBS in April 1963, received 
the B.S. from Morehouse College in Atlanta, Ga., in 1949; 
the M.S. from Atlanta University in 1951; and the Ph. D. 
in Chemistry from the University of California, Berkeley 
in 1958. He was an instructor in chemistry at the Fort 
Valley State College, Fort Valley, Ga., 1951-52, and was 
an assistant in chemistry at the University of California 
from 1954 to 1957. He was a fellow at the Mellon Insti- 
tute in Pittsburgh from 1957 to 1963. 
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ordinated by the Bureau International de lHeure, located 
in Paris, France. 


FEES REDUCED AT BOULDER 


Effective March 28, 1966, a reduction in charges for 
calibration services in high frequency and microwave 
regions (30 kHz and up) has been announced by the 
Electronic Calibration Center of the NBS Radio Standards 
Laboratory (Boulder, Colo.). Charges previously based 
on the rate of $30 per hour are now based on a rate of $20 
per hour, and charges previously based on $35 per hour 
are now based on a rate of $25 per hour. This reduction 
was made possible by a reduction occurring in deprecia- 
tion costs for Electronic Calibration Center equipment. 
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This month is the third anniversary of the establish- 
ment of the National Standard Reference Data System. 
The U.S. technical community has responded enthusias- 
tically to the idea of a national system for coordinating, 
promoting, and disseminating critically evaluated data on 
the physical properties of matter. The program has de- 
veloped to the point that the NBS Office of Standard 
Reference Data, which was instituted to administer the 
program, has initiated this column to keep the technical 
community better informed of the program’s progress, 
accomplishments, problems, and other items of interest. 
The Office hopes that this column will stimulate feedback 
to help it better serve the technical community. 

A little history may acquaint those who do not know 
about the NSRDS or refresh the memory of those who 
heard or read about the program at its beginning in June 
1963. 

Upon recommendation from the Federal Council for 
Science and Technology, the President’s Office of Science 
and Technology established the NSRDS and assigned NBS 
responsibility for the program. In implementing this re- 
sponsibility, NBS established the Office of Standard Refer- 
ence Data within the Institute for Basic Standards to 
administer the program. The task of the Office is to weld 
together the bits and pieces of ongoing data compilation 
activities into a coherent whole, increasing effort where 
necessary, minimizing duplication, persuading people to 
work together, making products of all individuals and 
groups more conveniently available to the technical com- 
munity. A primary task is to operate a National Standard 
Reference Data Center at NBS. One of the major objec- 
tives of the program is to develop an integrated nation- 
wide complex of data centers and related activities into the 
national system. 

For management purposes these data centers are con- 
sidered to operate in seven broad technical categories at 
the present time: Nuclear properties, atomic and molecu- 
lar properties, thermodynamic and transport properties, 
solid state, chemical kinetics, colloid and surface proper- 
ties, and mechanical properties. The two categories con- 
sidered to have top priority for increased activity are 
thermodynamic and transport properties and atomic and 
molecular properties. 

A status report giving full details of the various items of 
progress and development mentioned above is in prepa- 
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ration and will be available shortly from the U.S. Govern- 
ment Printing Office as NBS Technical Note No. 289. 
When published, TN 289 will be announced in this column. 

A brief statement of the status of work in the categories 
of greatest activity follows. 


Thermodynamic and Transport Properties 


Within this subject category, the Office of Standard Ref- 
erence Data has now participated in the initiation or 
expansion of projects in the following areas: 


1. Thermodynamic properties of inorganic compounds 
2. Thermodynamic and other physical properties of 
cyrogenic fluids 
Thermodynamic properties of aqueous solutions 
Thermodynamic properties of monohydric alcohols 
PVT properties of selected important gases 
Phase relationships in metal-metal oxide systems 
Thermodynamic properties of metalic elements and 
binary systems 
Thermodynamic properties of fused salt systems 

9. Diffusion coefficients in metallic systems 
10. Diffusion in oxides, carbides, and nitrides 
11. Diffusion in selected gaseous systems 
12. Diffusion in semiconductors 
13. Thermal conductivity of standard materials 


NOY 


The thermodynamics field is among the most active in 
data centers and data compilation activity. Some of the 
data centers produce “products” used by other data centers 
as input data within computations or as a means for check- 
ing consistency of their data. In some situations, data 
centers duplicate the search—usually with a different focus 
of attention—of much of the same literature that other cen- 
ters search in tracking the relevant data of their areas of 
competence and interest. For purposes of economy and 
efficiency the Office has made considerable progress in 
establishing arrangements between certain data centers to 
share common tasks, and to coordinate and complement 
each others’ activities. 


Atomic and Molecular Properties 


Under this category, the Office has participated in the 
initiation or expansion of projects in the following areas: 


1. Atomic energy levels 
2. Atomic transition probabilities 
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. Microwave spectral tables 
. Cross sections for electron ionization processes 
. Atomic and molecular collision process data 
©. Mass spectrometric bibliographic information and data 
7. Infrared spectra 
&. Molecular fundamental vibration frequencies 
9. Ionization and appearance potentials 


Cooperative arrangements for joint support of projects 
of common interest have been made with the U.S. Atomic 
Energy Commission, Department of Defense, Advanced 
Research Projects Agency, and the American Society for 
Testing and Materials. 


Nuclear Data 


In cooperation with the U.S. Atomic Energy Commis- 
sion, the Office of Standard Reference Data has developed 
an outline plan of action to improve services in nuclear 
data to the technical community. 


Chemical Kinetics 


A report of the status of the chemical kinetics program 
was presented on March 30, 1966 to the NAS-NRC Com- 
mittee on the Kinetics of Chemical Reactions, which is 
serving as the Advisory Committee to the Office on this 
program. ... A series of review monographs on se- 
lected topics in chemical kinetics have been initiated. . . . 
Data centers on radiation chemistry and on general chem- 
ical kinetics have been established. 


Colloid and Surface Properties 


The Office of Standard Reference Data has joined with 
the NAS-NRC Committee on Colloid and Surface Chemis- 
try to promote data compilation projects. Under this pro- 
gram data centers have been established on (1) light scat- 
tering, (2) critical micelle concentrations in association 
colloids, and (3) electrical properties of interforces. 


Professional Staff 


The professional staff of the Office of Standard Reference 
Data includes: Dr. E. L. Brady (Chief), Dr. F. L. Alt 
(Information Systems Design and Research), Dr. David 
Goldman (Nuclear Data), Dr. E. R. Johnson (Thermo- 
dynamic and Transport Properties; Solid State Prop- 
erties), Dr. J. E. Loy (Executive Officer), Dr. S. A. Ross- 
massler (Atomic and Molecular Properties; Chemical 
Kinetics), Dr. Herman M. Weisman (Information Serv- 
ices, Phone 301-921-2583), Mr. Alfred Weissberg (Data 
File), Dr. Howard J. White (Colloid and Surface Prop- 
erties; Mechanical Properties of Materials) . 


NSRDS Publication Summary 


NSRDS Monographs published: 


1. NSRDS—Plan of Operations, by E. L. Brady and 
M. B. Wallenstein, NSRDS—-NBS-1 (15 cents) .* 
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2. Thermal Properties of Aqueous Uni-univalent Electro- 
lytes, by V. B. Parker, NSRDS-NBS-2 (45 cents) .* 

3. Atomic Energy Levels and Multiplet Tables Si II, Si 
Ill, Si IV, by C. E. Moore, NSRDS—NBS-3 (35 cents) .* 


Other compilations of data from NSRDS: 


1. Selected Values of Chemical Thermodynamic Prop- 
erties, Part I. Tables for the first twenty-three Elements 
in the Standard Order of Arrangement, by D. D. Wagman, 
W. H. Evans, I. Halow, V. B. Parker, S. M. Bailey, and 
R. H. Schumm, NBS Tech Note 270—1 (65 cents) .* 

2. Electron Impact Ionization Cross-Section Data for 
Atoms, Atomic Ions, and Diatomic Molecules (to be pub- 
lished in Review of Modern Physics and to be dis- 
tributed and bound with related material as an NSRDS 
Monograph). 

3. MCA Physical and Thermodynamic Properties—semi- 
annual data sheets on thermodynamic and physical prop- 
erties of organic molecules.* ** 


Non-data publications from NSRDS-related projects: 


1. Bibliography on Atomic Probabilities, by B. M. Glen- 
non and W. L. Wiese, NBS Mono 50 (35 cents) .* 

2. Bibliography of Electron Cross Section Data—1963. 
3. Bibliography of Electron Cross Section Data—1964. 
4. Bibliography of Atomic and Molecular Processes for 
1963, by C. F. Barnett, J. A. Ray, J. C. Thompson, and 
E. W. McDaniel, ORNL-AMPIC-1 (July 1965).** 
5. Bibliography of Atomic and Molecular Processes for 
1964, by C. F. Barnett, D. A. Griffin, M. D. Krause, J. A. 
Ray, J. W. Hooper, D. W. Martin, E. W. McDaniel, and 
E. N. Thomas, ORNL-AMPIC-3 (Feb. 1966) .** 

6. Directory of International Workers in the Field of 
Atomic and Molecular Collisions, September 1965, ORNL- 
AMPIC-2 (October 1965) .** 

7. Automated computer tape program for estimation of 
physical properties of materials for which no measure- 
ments exist. (Available from the American Institute of 


Chemical Engineers, 345 East 47th St., New York 17, 
N.Y.). 


Compilations of data soon to be published with the 


NSRDS label: 


1. Atomic Transition Probabilities, Volume I, Hydrogen 
Through Neon, by W. L. Wiese, M. W. Smith, and B. M. 
Glennon, NSRDS-NBS—~4 (in press). 
2. Band Spectrum of Carbon Monoxide, by P. H. Kru- 
penie, NSRDS-NBS-5 (in press) . 
3. Tables of Molecular Vibrational Frequencies, by 
T. Shimanouchi, NSRDS-NBS-4 (in press). 
*Available for the price indicated from the Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, D.C., 20402. 
**Available from Atomic and Molecular Processes Information Center, 
Oak Ridge National Laboratory, P.O. Box Y, Oak Ridge, Tennessee, 37831. 
***Available from the Chemical Thermodynamic Properties Center, 


Dept. of Chemistry, Texas A. & M. University, College Station, Tex. 
ATTN: Dr. Bruno J. Zwolinski. 


continued 
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NEWS continued 


4. Thermal Behavior of Fused Salts, by K. H. Stern and 
E. L. Weise, NSRDS-NBS-7 (in press) . 

5. Selected Values of Chemical Thermodynamic Proper- 
ties. Part 2. Tables for Si, Ge, Sn, Pb, B, Al, Ga, In, 
Tl, and their compounds in the Standard Order of Ar- 
rangement, by D. D. Wagman, W. H. Evans, I. Halow, 
V. B. Parker, R. Schumm, and S. M. Bailey, NBS Tech 
Note 270-2 (in press). 


Bibliography of Data Compilations 


The Office of Standard Reference Data has received 
from Optical Materials, Incorporated a_ bibliographic 
summary of data compilations on general scientific topics. 
The report, which includes about 1,500 references, com- 
pletes one phase of a contract. The other phase, a bibli- 
ography of reports and articles in solid state physics, is 
nearing completion. Both reports will be used by the 
Office to determine the state of data coverage in specific 
scientific areas, to plan future compilation activities, and 
to provide references for answering inquiries on proper- 
ties of substances. 


EANDC-EACPR Meeting 


Dr. David Goldman, as one of the American represent- 
atives, attended the first meeting of the Subcommittee on 
the Evaluation of Nuclear Data of the European—American 
Nuclear Data Committee and the European—American 
Committee on Reactor Physics, held in Paris recently. 
The Subcommittee has a three-fold mission: 

1. To stimulate and improve the flow of information 
among evaluators by such techniques as meetings, compila- 
tions and lists of evaluations, and publication of review 
reports on data and methods; 

2. To assist in the informal coordination of evaluation 
activities to reduce duplication; 

3. To assist in the establishment of guidelines for evalu- 
ations. 

The consensus of the Subcommittee was that its im- 
mediate responsibility was to coordinate data evaluation 
activities by improving communications among evalua- 
tors. This would be attempted by the following means: 


1. Maintenance of an annotated list of existing evalua- 
tions; 

2. Publishing a newsletter which would include 
from individual evaluation groups; 

3. Recommendation that the CINDA (Computer Index 
Neutron DAta) output be published in a manner that 
would aid the data evaluations included within it to be 
more easily recognizable and obtainable; 

4. Encouraging publication of adequately documented 
data compendia, perhaps through the Nuclear Data 
Journal; 


reports 
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5. Identification and listing of particularly significant anc 
difficult evaluations; 

6. Undertaking the collection of all computer programs: 
used in nuclear data evaluation and making the collection 
available at a central location; 

7. Continuance of progress in setting up an “Evaluatec 
Nuclear Data File”; 

8. Storage of evaluated data in central locations, as in 
procedures used for nuclear data compiled by machine 
methods; 

9. Acceptance of responsibility to develop and establish 
standards for particular evaluation efforts; 

10. Encouraging meetings between experimental and 
theoretical physicists and evaluators to examine common 
problems. 


Miscellany 


The Coblentz Society, under contract with this Office. 
has completed a report establishing criteria for the evalu- 
ation of infrared spectral data in three categories. The 
report will be published in an appropriate scientific jour- 
nal and will receive further distribution through the 
Coblentz Society and the Office. The standards set forth 
will be applied by evaluators of infrared spectra working 
under NSRDS projects. 


The U.S. Department of Agriculture has approved the 
release of infrared spectral data from their four regional 
laboratories as contributions to the NSRDS project for 
the collection, evaluation, and publication of infrared 
spectral data sheets. 


A pilot workshop on mathematical, statistical, and 
computer methods in physical properties for data centers 
was held last March 8-1] at the Thermophysical Proper- 
ties Research Center at Purdue University. For details on 
this meeting and any subsequent plans, write the Chair- 
man of the Workshop, Dr. Y. S. Touloukian, Thermo- 
physical Properties Research Center, Purdue University, 
Lafayette, Indiana, 47506. 

Two meetings of interest to data compilers for back- 
ground on computer usage in data compilation activity 
are the meeting of the Association for Computing Ma- 
chinery, August 30—September 1, 1966, Los Angeles and 
the Fall Joint Computer Conference, November 8-10, 
1966, to be held in San Francisco. 


Gordon Research Conference 


Dr. E. L. Brady and Dr. E. R. Johnson of the Office of 
Standard Reference Data will participate in the Gordon 
Research Conference on “The Numerical Data of Science 
and Technology, Its Generation and Critical Evaluation,” 
to be held August 22-26, 1966, at Enumclaw, Washington. 
For details on the program and attendance, write the Con- 
ference chairman, Dr. Y. S. Touloukian, at Purdue Uni- 
versity. 
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PUBLICATIONS of the National Bureau of Standards * 


PERIODICALS 


Technical News Bulletin, Volume 50, No. 5, May 1966. 15 cents. 


\nnual subscription: $1.50. 75 cents additional for foreign 
tailing. Available on a 1-, 2-, or 3-year subscription basis. 


Journal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times a year. An- 
nual subscription: Domestic, $5; foreign, $6. Single copy, 


$1.00. 
Section B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign, 


$2.75. Single copy, 75 cents. 

Section C. Engineering and Instrumentation. Issued quarterly. 
Annual subscription: Domestic, $2.75; foreign, $3.50. Single 
copy, 75 cents. 


CURRENT ISSUES OF THE JOURNAL OF RESEARCH 
. Res. NBS 70B (Math. and Math. Phys.), No. 2 (Apr—June 


1966), 75 cents. 
On a sequence of points of interest for numerical quadrature. 


S. Haber. 
On abstract numerical integrations. J. J. Sopka. 
F. J. Anscombe 


Treatment of outliers in samples of size three. 
T. A. Willke. 


and B. A. Barron. 

A note on contaminated samples of size three. 

Realizing the distance matrix of a graph. A. J. Goldman. 

Pairs of nonsingular matrices. K. Goldberg. 

Upper bounds for the determinant of a row stochastic matrix. 
K. Goldberg. 


Groups preserving ordering in vectors. 


K. Goldberg. 
Title page, contents, and corrections, Journal of Research 69A, 
Physics and Chemistry (1965) 10 cents. 


Title page, contents, and corrections, Journal of Research 69C, 
Engineering and Instrumentation (1965) ,5 cents. 


OTHER NBS PUBLICATIONS 


Radio meteorology, B. R. Bean and E. J. Dutton, NBS Mono. 92 
(March 1, 1966). $2.75. 

OMNITAB. A computer program for statistical and numerical 
analysis, J. Hilsenrath, G. G. Ziegler, C. G. Messina, P. J. Walsh, 
and R. J. Herbold, NBS Handb. 101 (March 4, 1966). $3.00. 

Quarterly radio noise data September, October, November, 1964, 
W. Q. Crichlow, R. T. Disney, and M. A. Jenkins, NBS Tech. 
Note 18-24 (February 10, 1966), 50 cents. (Formerly the Cen- 
tral Radio Propagation Laboratory of the National Bureau of 
Standards, now Environmental Science Services Administration, 


Boulder, Colorado.) 


PUBLICATIONS IN OTHER JOURNALS 


This column lists all publications by the NBS staff, as soon after 
issuance as practical. For completeness, earlier references not 
previously reported may be included from time to time. 
Chemistry : 


Absolute-velocity Méssbuaer spectrometer, J. J. Spijkerman and 
F. C. Ruegg, Trans. Am. Nucl. Soc. 8, No. 2, 344 (1966). 

Adhesive bonding of various materials to hard tooth tissues. V. The 
effect of a surface-active comonomer on adhesion to diverse sub- 
strates, R. L. Bowen, J. Dental Res. 44, No. 6, 1369-1373 (Nov.- 
Dee. 1965). 

A simple device for adjusting dental interferometers, H. J. Caul 
and J. W. Kumpula, J. Dental Res. 44, No. 6, 1412 (Nov.—Dec. 
1965). 


Chemical analysis, G. M. Brauer and G. M. Kline, Encyclopedia 
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of Polymer and Technology 3, 633-665 (John Wiley & Sons, Inc., 
New York, N.Y., 1965). 

Determination of trace amounts of cadmium and silver by sub- 
stoichiometric radioisotopic dilution analysis, A. R. Landgrebe, 
L. T. McClendon, and J. R. DeVoe, Trans. Am. Nucl. Soc. 8, 
No. 2, 315-316 (1966). 

Dissociation of acetic acid-d; in aqueous solution and related iso- 
tope effects from 0 to 50°, M. Paabo, R. G. Bates, and R. A. 
Robinson, J. Phys. Chem. 70, 540-543 (1966). 

Magnesium isotope ratios in natural samples, E. J. Catanzaro and 
T. J. Murphy, J. Geophys. Res. 71, No. 4, 1271-1274 (Feb. 15, 
1966). 

NMR studies of inorganic fluorides. I. High-resolution “F spectra 
of Si.Fs and (SiF;)2 O, R. B. Johannesen, T. C. Farrar, F. E. 
Brinckman, and T. D. Coyle, J. Chem. Phys. 44, No. 3, 962-964 
(Feb. 1, 1966). 

On the limiting shape of the distribution function of lengths of a 
single polymer molecule with excluded-volume effects, J. Mazur, 
J. Chem. Phys. 43, No. 12, 4354-4356 (Dec. 15, 1965). 

Viscosity and density of borontrioxide, A. Napolitano, P. B. 
Macedo, and E. G. Hawkins, J. Am. Ceramic Soc. 48, No. 12, 
613-616 (1965). 


Engineering and Instrumentation: 


Comparison of xenon and carbon arcs as radiation sources for 
laboratory weathering of asphalts, K. G. Martin, P. G. Campbell, 
and J. R. Wright, Am. Soc. Testing Mater. Proc. 65, 809-830 
(1965). 

Propagation of electromagnetic pulses in terrestrial waveguides, 
J. R. Wait, IEEE Trans. Ant. Prop. AP—13, No. 6, 904-918 
(Nov. 1965) - 

Proposed standard for measuring and reporting physical properties 
of optical materials, G. W. Cleek, F. J. P. Consitt, and W. D. 
Lawson, Infrared Phys. 5, 141-160 (Dec. 1965). 

Techniques for detection of high-altitude nuclear explosions, A. G. 
Jean, C. E. Hornback, R. H. Doherty, J. R. Winkelman, and 
R. T. Moore, Proc. IEEE 53, No. 12, 2088-2098 (Dec. 1965). 

The low temperature removal of small quantities of nitrogen or 
methane from hydrogen gas by physical adsorption on a syn- 
thetic zeolite, A. J. Kidnay and M. J. Hiza, A.I. Ch. E. J. 12, 
No. 1, 58-64 (Jan. 1966). 


Mathematics: 


The analysis, synthesis, and description of biological images, L. E. 
Lipkin, W. C. Watt, and R. A. Kirsch, Ann. N.Y. Acad. Sci. 
128, No. 3, 984-1012 (Jan. 31, 1966). 

Physics: 


Departures from local thermal equilibrium in a magnetically-driven 
shock wave, K. L. Eckerle and R. W. P. McWhirter, Phys. Fluids 
9, No. 1, 81-89 (Jan. 1966). 

Effect of normal-fluid motion on third sound in liquid-helium films, 
G. L. Pollack, Phys. Rev. 143, No. 1, 103-109 (Mar. 4, 1966). 

Mossbauer line broadening in SnOz, R. H. Herber and J. Spijker- 
man, J. Chem. Phys. 42, No. 12, 4312-4314 (June 15, 1966). 


*Publications for which a price is indicated are available by 
purchase from the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C., 20402 (foreign postage, one- 
fourth additional). The NBS nonperiodical series are also avail- 
able from the Clearinghouse for Federal Scientific and Technical 
Information, Springfield, Va., 22151. Reprints from outside jour- 
nals and the NBS Journal of Research may often be obtained di- 
rectly from the authors. 
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